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CHAPTER 5
SI TE CHARACTERI ZATI ON
5-1. CGeneral. This chapter discusses the investigation procedures that can

be enmployed if the contam nation at the UST is nore wi despread than the

i medi ate tank area. Typically these procedures are above and beyond what is
required during a UST renmoval. These activities, if required, should be
performed under a separate contract fromthe UST renoval so as not to sl ow
down the tank renoval process yet avoid potential UST-renoval contractor

del ays. This chapter is included for guidance and conpl eteness of this
manual . Additional guidance on site characterization may be found in

EM 200- 1-3 and ASTM St andard Guides D 5730 and E 1912.

5-2. Subsurface Soil Gas Survey. Soi |l gas surveys (also called field

hydr ocarbon vapor tests) are a proven quick and economical in situ field

met hod for determ ning the presence of subsurface chemical contanmination. The
soi | -gas survey neasures the relative concentration of volatile hydrocarbon
conponents in the vadose zone of the soil. Data obtained fromthese surveys
can be used to neasure the relative magnitude of volatile hydrocarbons in the
soil and contam nant dispersion or nmigration trends. Quantitation is
acconpl i shed with a gas chronat ograph.

This information may help determine the need for quantitative soil sanpling
and/ or the need for nonitoring well installation. Two basic types of soil-
gas surveys comonly performed during UST site assessnments are di scussed

bel ow

a. Active soil gas survey. The first type is the active soil-gas survey
in which a probe is inserted into the subsurface and a vol unme of soi
gas is punped out of the vadose zone into a sanple collection device
for analysis. The gas sanples are injected into a gas chromatograph
that has been calibrated with one or nore of the analytes thought to
be present onsite.

b. Passive Soil Gas Survey. The second type is the passive soil-gas
survey in which a collection device is placed in the subsurface or on
the surface of the ground, allow ng the atnosphere within the device
to come into conpositional equilibriumwi th the soil atnmosphere.

c. Comparison of Methods. Active soil-gas surveys can be conpleted in
as little as one day and are nost commonly used. Passive soil-gas
surveys take several days or weeks to conplete. Wile both methods
of soil gas sanpling are applicable to sites contaminated by volatile
organi ¢ conpounds (VOCs), passive soil gas sanpling may al so identify
some sem vol atil e organi c compounds (SVCCs) (EPA/ 510/ B-97/001).
Det ai | ed gui dance on typical soil-gas nmonitoring may be found in ASTM
D 5314.
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sampl ing nethods al so include headspace neasurenents and fl ux chanber
nts (EPA/ 600/ 8-87/036). Headspace sanpling involves placing sanples
oils into a sealed contai ner and neasuring the concentrations of

in the air above the soil (in the headspace) after some equilization

peri od. Flux chanmber neasurenents are obtained by placing an open-bottoned

chanber o

n the soil surface and slowy passing a carrier gas over the soi

surface and collecting a sanple of the air fromthe chanmber for analysis.

a.

Theory. The presence of VOCs in shallow soil-gas indicates the
observed compounds may either be in the vadose zone near the probe or
i n groundwat er bel ow the probe. The soil gas technol ogy is nost

ef fective in mapping | ow nol ecul ar wei ght hal ogenated sol vent

chemni cal s and petrol eum hydrocarbons possessi ng hi gh vapor pressures
and | ow aqueous solubilities. These conmpounds readily partition out
of the groundwater and into the soil as a result of their high
gas/liquid partitioning coefficients. Once in the soil gas, VOCs

di ffuse vertically and horizontally through the soil to the ground
surface where they dissipate into the atnosphere. The contam nation
acts as a source, and the aboveground atnosphere acts as a sink, and
typically a concentration gradient devel ops between the two. The
concentration gradient in soil gas between the source and ground
surface may be locally distorted by hydrol ogi c and geol ogic
conditions (e.g., clays, perched water). However, soil gas mapping
generally remains effective because distribution of the contam nation
is usually broader in areal extent than the |ocal geologic barriers
and is defined using a | arge database. The presence of geol ogic
obstructions on a small scale tends to create anonmalies in the soil-
gas— groundwat er correl ation but generally does not obscure the
broader areal picture of the contanmi nant distribution. A soil-gas
survey may be performed in the vicinity of each UST. Typically 5 to
10 ground probes are driven to depths simlar to that of the bottom
of the UST or passive sanples are placed around the UST | ocation

Limtations. Soil-gas nethods do have limtations, as discussed
bel ow

(1) Soil probing is nore difficult if the UST is under a |arge
concrete pad.

(2) A positive result indicating site inmpacts are present in the
soil which could be related to contanination from other nearby
sources or froma recent spill.

(3) A positive result could occur (indicating soil contam nation
when none exists at the location) if volatile hydrocarbons from
anot her source are mgrating with and being rel eased fromthe
groundwat er .
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(4) Plant matter can cause false positive results.

(5) A false negative result, incorrectly indicating that the tank
has not | eaked, may result if the UST | eaked many years ago and
the volatile contaminants have |argely degraded or dissipated or
if the |l eak involved nonvolatile |iquids.

(6) Active soil gas may yield a false negative if rainfall or
snownelt occurs just prior to the sanpling. The infiltrating
wat er can drive contam nant vapors ahead of the infiltration
front and draw cl ean atnospheric air into the zone to be
sanpl ed.

(7) Headspace nethods may not yield sanples representative of in-
situ vadose zone atnospheres. Large percentages of vapor phase
and noderate percentages of solute and sorbed phase contam nants
can be lost in the act of soil sanpling.

(8) Driven probes tend to degrade natural soil permeability around
t he body of the probe due to soil compaction concurrent with
insertion. This can be a severe linitation to active soil gas
extraction in nmoist, heavy clay soils.

(9) Soil characteristics such as high water saturation, soi
cenents, clay content and organic matter content will negatively
i mpact results of surface flux chanber neasurements by
restricting the rate of contam nant flux to the chanber.

(10) Humidity can affect the collection efficiency of the adsorbent
nmedia in the sorbent sanplers. Soil gas, even in the drier
climates, will be at a relatively high humdity condition

(11) It is not possible to nmeasure the efficiency of passive-sorbent
noni tori ng devi ces because the bul k vol ume of soil gas affected
by the sorbent trap cannot be measured.

(12) Sanple collection by punping soil gas fromcollection cans or
ground probes may disturb the equilibrium between the soil gas
and the gas sorbed on soil particles. This may cause dilution
and/ or contam nation of the sanple by anmbient air

(13) Hi gh background concentrations may interfere with obtaining
accurate neasurenments when sanpling with sorbents.

Field Equi pment. A portable gas chromatograph with a photoionization
detector (PID) is sensitive to benzene, toluene, ethylbenzene, and
xyl enes (BTEX) and decreasingly sensitive to nonaromatic hydrocarbons
(octane, etc.) and chlorinated hydrocarbons. The gas chromat ograph
may al so be equipped with a flane ionization detector (FID), which is
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al so sensitive to hydrocarbons. The user should be aware of the
advant ages and di sadvant ages of each type of detector. Each type of
detector has limtations related to the environnent. The FIDIis
sensitive to severe changes in tenperature, and the PID will not
function under conditions of high humidity.

Procedure for Conducting a Soil-Gas Survey with a Ground Probe. Use
these instructions as a general guide in conducting a soil-gas survey
using a ground probe near an UST.

(1)

(2)

(3)

(4)

(5)

Site calibration for a portable gas chromatograph. |deally,
use commercially avail abl e vapor standards (| ow pressure

bottl ed, standard calibration gas) for instrument calibration
Inject the gas standard into the instrument with a gas-tight
syringe. (If comercial gas standards are not avail abl e, vapor
standards may be prepared in Tedlar bags filled with ultra-pure
air. |Inject the analyte of interest into the Tedlar bags from
vapor obtained with a gas-tight syringe fromthe headspace
above a neat [pure, 100 percent] standard stored in a 40 nmL VOA
vial with a septumcap. Prepare a new calibration standard
daily. It is generally preferable to use comrercially
avai | abl e calibration standard gases.)

More than one anal yte may be of interest for the gas survey.
Any conpound that may have been stored in the UST (e.qg.
gasoline or other volatile fuels; organic solvents such as

di chl oroet hane, trichl oroethane, benzene, toluene, xylene,

nmet hyl ene chl ori de, acetone; etc.) may be used to calibrate the
instrument so that quantitative results are obtained for that
anal yte.

Typically, a hydraulic mechanismis used to drive and w t hdraw
sampling probes 1.5 to 3 m(5 to 10 feet) long. |n unusually
hard soil, a hydraulic hammer may al so be used. These probes
are typically fitted with detachable drive tips (see Figure 5-
1).

Extract gas through the probe via a vacuum punp connected to
the tubing. Five sanple probe vol unes should be extracted

prior to sanpling.

Renpbve a gas sanple with the gas-tight syringe inserted into
the flexible tubing between the punp and the probe.

Inject the gas sanple into the gas chromat ograph
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Figure 5-1 Typical Soil-Gas Apparatus
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(6) Record the results in the field notebook. Note al
identifiable chem cals along with the concentration of each
Al so note significant unidentifiable peaks from each
chromat ogram  Save the chronmatograms as part of the field
document ati on.

e. Decontani nation. Dedicated sanpling probes may be used in |ieu of
field decontam nation during the soil-gas survey. These probes may
then be cleaned (as described in Chapter 9) after the sanpling event
but before | eaving the site.

| f dedicated probes are not used, the follow ng decontani nation
procedure shoul d be foll owed.

(1) Decontam nate the probe between sanple holes by renoving visible
soil .

(2) Do not clean with water or any liquid because this will have an
ef fect on the gas chromat ograph.

(3) Draw ambient air blanks through the probe and anal yze by gas
chromat ography to establish that cross-contam nation is not
occurring.

(4) Another nethod that may be used for decontamination is baking
the volatiles off the probe using a portable heater

5-3. Borehole Drilling/Soil Sanpling. Soil borings and nmonitoring wells are
the primary nmeans of assessing the extent of contam nation from any

hydr ocarbon phase. Borehole drilling is a method for collecting subsurface
soi |l samples and for subsequent well installation (discussed bel ow).

Borehol es are conpleted to determine the nature and extent of contam nation at
an UST site.

a. Methods. It is inportant to recognize that, while the primry focus
on drilling boreholes is for soil sanple collection, borings are al so
required for in-situ testing of subsurface materials and groundwater.
Table 5-1 presents types of drilling nmethods.
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TABLE 5-1

DRI LLI NG METHODS

Dept h
Limt
neters
Met hod Drilling Principle (Ft.) Advant ages Di sadvant ages
Di rect - Advanci ng a sanpling 30 (100) |Avoids use of drilling fluids|Limted to fairly soft materials such as
Push device into the and | ubricants during clay, silt, sand, and gravel. Conpact
subsurface by applying drilling. gravelly materials may be hard to penetrate

static pressure

i mpacts, or vibration
or any conbi nation
thereof to the above
ground portion of the
sanpl er extensions
until the sanpler has
been advanced its ful
length into the
desired soil strata

Equi prent hi ghly nobile

Di st urbance of geochenica
condi tions during
installation is mininzed

Drilling and well screen
installation is fast,
consi derably | ess |abor
intensive

Does not produce dril

cuttings, reduction of |DW

Smal | diameter well screen may be hard to
devel op. Screen may becone clogged if thick
clays are penetrated

The smal| diameter drive pipe generally
precl udes conventional borehol e geophysica
| oggi ng.

The drive points yield relatively low rates
of water.
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TABLE 5-1

DRI LLI NG METHODS

Drilling Principle

Successive 1.5-m (5-
ft) flights of spiral-
shaped drill stemare
rotated into the
ground to create a
hole. Cuttings are
brought to the surface
by the turning action
of the auger

Dept h
Limt
neters
(Ft.)

45 (150)

Advant ages

Fairly inexpensive. Fairly
sinpl e and nobderately fast
operation. Small rigs can
get to difficult-to-reach
areas. Quick setup tine.

Can qui ckly construct shal | ow
wells in firm noncl ayey
materi al s.

No drilling fluid or
lubricants required

Use of holl ow stem augers
greatly facilitates
collection of split-spoon
sanpl es, and continuous
sanpling is possible

Smal | -di anmeter wells can be
bui It inside hollow stem
flights when geol ogic
materials are cavey.

Di sadvant ages

Depth of penetration limted
cavey material s.

especially in

Cannot be used in rock or well-cenented
formations. Difficult to drill in cobbles
or boul ders

Log of well is difficult to interpret

wi thout collection of split spoons due to
the lag time for cuttings to reach ground
surface.

Soi|l sanples returned by auger flight are
di sturbed nmaking it difficult to determ ne
the precise depth fromwhich the sanple
cane.

Vertical |eakage of water through borehol e
during drilling is likely to occur. Solid-
stemlimted to fine-grained, unconsolidated
materials that will not collapse when
unsupported. Borehole wall can be sneared
by previously-drilled clay.

Wth hollowstemflights, heaving materials
can present a problem May need to add

wat er down auger to control heaving or wash
materials from auger before conpleting well

86 43S 0¢€
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TABLE 5-1

DRI LLI NG METHODS

the bottom of the
drill rod clears hole
to all ow penetration.
Cuttings brought to
surface by water

flow ng up the outside
of the drill rod.

not needed for shall ow hol es.

In firm noncavey deposits
where hole will stand open,
wel | construction fairly
sinple. Mninmal equipnent
required.

Equi prent hi ghly nobi | e.

Dept h
Limt
neters
Met hod Drilling Principle (Ft.) Advant ages Di sadvant ages
Jetting Washi ng action of 15 Rel atively fast and Somewhat slow w th increasing depth.
wat er forced out of (50) i nexpensive. Driller often Limted to drilling relatively shallow

depth, snmll dianeter borehol es.
Extrenely difficult to use in very coarse
materials, i.e., cobbles and boul ders.

Large quantities of water required during
drilling process. A water supply is needed
that is under enough pressure to penetrate
the geologic naterials present.

Use of water can affect groundwater quality
in aquifer.

Difficult-to-interpret sequence of geol ogic
materials fromcuttings.

Presence of gravel or larger materials can
limt drilling.

Bor ehol e can col |l apse before setting
monitoring well if borehol e uncased.

900¥ -T-0TTT N3
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TABLE 5-1

DRI LLI NG METHODS

( per cus
i on)

Drilling Principle

Hol e created by
droppi ng a heavy
"string" of drill
tools into well bore
crushing materials at
bottom

Cuttings are renoved
occasional ly by
bailer. Generally,
casing is driven just
ahead of the bottom of
the hole; a hole
greater than 150 mm (6
inches) in dianmeter is
usual 'y made.

Dept h
Limt
neters
(Ft.)

300+
(1,000 +)

Advant ages

Can be used in rock
formations as well as
unconsol i dated formations

Can drill through cobbl es and
boul ders and hi ghly cavernous
or fractured rock. Fairly
accurate | ogs can be prepared
fromcuttings if collected
often enough. Driving a

casi ng ahead of hole

m ni m zes cross-contanination
by vertical |eakage of
formation waters and

mai ntai ns borehole stability.
Recovery of borehole fluid
sanpl es excel |l ent throughout
the entire depth of the
borehol e. Excell ent nethod
for detecting thin water-
bearing zones. Excell ent

met hod for estimating yield
of water-bearing zones
Excel l ent nmethod for drilling
in soil and rock where |ost
circulation of drilling fluid
i s possible.

Core sanples can be easily
obt ai ned

Excel |l ent for devel opnent of
a well.

Di sadvant ages

The potenti al
is very high

for cross-contam nated sanpl es

Decont am nation can be difficult.

Heavy steel drive pipe used to keep hole
open and drilling "tools" can limt
accessibility. Cannot run sone geophysica
| ogs due to presence of drive pipe

Rel atively slow drilling nethod

Heavi er wall, |arger dianmeter casing than
that used for other drilling methods
normal |y used

Tenporary casi ng can cause problems with
enpl acement of effective filter pack and
grout seal

Heavi ng of unconsolidated sediment into
bott om of casing can be a problem

86 43S 0¢€
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TABLE 5-1

DRI LLI NG METHODS

Drilling Principle

Rotating bit breaks
formation; cuttings
are brought to the
surface by a
circulating fluid

(mud). Mud is forced
down the interior of
the drill stem out
the bit, and up the

annul us between the
drill stem and hole
wal | .

Cuttings are renoved
by settling in a "nud
pit" at the ground
surface and the nud is
circul ated back down
the drill stem

Dept h
Limt
neters
(Ft.)

1, 500+
(5,000 +)

Advant ages

Drilling is fairly quick in
all types of geologic
materials, hard and soft.

Borehole will stay open from
formation of a nud wall on

si des of borehole by the
circulating drilling nud.
Eases geophysical |oggi ng and
wel | construction

Geol ogi ¢ cores can be
col | ected.

Can use casi ng-advancemnent
drilling nethod.

Borehol e can readily be
gravel packed and grouted

Virtually unlinmted depths
possi bl e

Di sadvant ages

requires experienced driller and

Expensi ve
fair anmobunt of peripheral equipment.

Compl eted well may be difficult to devel op
especially small diameter wells, because of
mud or filtercake on wall of borehole

Lubricants used during drilling can
contam nate the borehole fluid and soil/rock
sanpl es.

Geol ogi ¢ | oggi ng by visual inspection of
cuttings is fair due to presence of drilling
mud. Thus beds of sand, gravel, or clay may
be mi ssed.

Locati on of water-bearing zones during
drilling can be difficult to detect.
Drilling fluid circulation is often |lost or
difficult to maintain in fractured rock
root zones, or in gravels and cobbles

Difficult drilling in boulders and cobbl es.

Presence of drilling nud can contaninate
wat er sanpl es, especially the organic
bi odegr adabl e nuds.

Over burden casing usually required
Circulation of drilling fluid through a
contam nated zone can create a hazard at the
ground surface with the nmud pit and cross-
cont ani nate cl ean zones during circul ation

900¥ -T-0TTT N3
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TABLE 5-1

DRI LLI NG METHODS

Drilling Principle

Simlar to hydraulic
rotary nmethod except
the drilling fluid is
circul ated down the
bor ehol e outside the
drill stemand is
punmped up the inside
just the reverse of

the normal rotary
met hod. Water is used
as the drilling fluid,

rather than a nud, and
the hole is kept open
by the hydrostatic
pressure of the water
standing in the

bor ehol e

Dept h
Limt
neters
(Ft.)

1500+
(5,000 +)

Advant ages

Drilling readily acconplished
in soils and nost hard rock
Drilling is relatively fast
and for drilling |large

di amet er bor ehol es

Borehol e is accessible for

geophysi cal |ogging prior to
installation of well.
Creates a very "clean" hole
not dirtied with drilling

mud.

Large di aneter of borehole
permits relatively easy
installation of nonitoring
wel | .

Can be used in al
formations.

geol ogi ¢
Very deep penetrations
possi bl e

Split-spoon sanpling
possi bl e

Di sadvant ages

Drilling through cobbl es and boul ders may be
difficult.

Use of drilling fluids,
addi tives, and lubricants
bor ehol e chemi stry.

pol yneric
can affect the

A large water supply is needed to nmintain
hydrostatic pressure in deep hol es and when
hi ghly conductive formations are
encount er ed

Expensi ve —experienced driller and nuch

peri pheral equi pment required. Hole
dianeters are usually large, comonly 450 nm
(18 inches) or greater

Cross-contam nation fromcirculating water
l'i kely.

Geol ogi ¢ sanpl es brought to surface are
generally poor; circulating water will
"wash" finer materials from sanple.

86 43S 0¢€
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TABLE 5-1

DRI LLI NG METHODS

Drilling Principle

Dept h
Limt
neters
(Ft.)

Advant ages

Di sadvant ages

to take continuous
core sanpl es of

over burden soils and
nost hard rock.

any soil material w thout the
use of drilling fluids.

Can drill through boul ders,
wood, concrete, and ot her
construction debris.

Can drill and sanpl e nost
softer rock with high
percentage of core recovery.

Drilling is faster than nost
ot her met hods.

Reduction of |DW

ir Very simlar to 1,500+ |Can be used in all geologic Rel ati vel y expensive.
Rot ary hydraulic rotary, the |(5,000 +) |[formations; npst successful Cross-contam nation fromverti cal
main difference is in highly fractured communi cati on possi bl e.
that air is used as envi ronments. Air will be mixed with the water in the hole
the primary drilling Useful at nost any depth. and blown fromthe hole, potentially
fluid as opposed to Drilling in rock and soil is |creating unwanted reactions with
mud or water. relatively fast. contam nants; may affect "representative"
Can use casi ng-advancenent sanpl es.
met hod. Air, cuttings and water blown fromthe hol e
Drilling mud or water not can pose a hazard to crew and surroundi ng
required. environment if toxic conpounds encountered.
Borehol e is accessible for Conpr essor discharge air nmay contain
geophysi cal 1ogging prior to |hydrocarbons.
monitoring well installation. |[Organic foam additives to aid cuttings’
Wel | devel opnent rel atively removal may contam nate sanpl es.
easy. Over burden casing usually required.
Soni ¢ Enpl oys the use of 150 Can obtain | arge dianeter, Rock drilling requires the addition of water
|§vi bra- hi gh-frequency (500) continuous and rel atively or air or both to remove drill cuttings.
ory) mechani cal vi bration undi sturbed cores of al npst

Extraction of casing can cause snearing of
borehole wall with silt or clay.

Extraction of casing can danage wel |l screen.

Equi prent i s not

expensi ve.

readily available and is

900¥ -T-0TTT N3
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TABLE 5-1

DRI LLI NG METHODS

Drilling Principle

Air rotary with a
reci procati ng hammer
connected to the bit
to fracture rock.

Dept h
Limt
neters
(Ft.)

600
(2, 000)

Advant ages

Very fast penetrations.
Useful in all geologic
formations.

Only small anpunts of water
needed for dust and bit
tenmperature control .

Cross-contam nation potenti al
can be reduced by driving
casi ng.

Can use casi ng-advancenent
met hod.

el |
easy.

devel oprment rel atively

Di sadvant ages

Rel ati vel y expensive.

As with npst hydraulic rotary methods, the
rigis fairly heavy, limting accessibility.

Over burden casing usually required.

Vertical mxing of water and air creates
cross-contami nation potential .
Hazard posed to surface environment if toxic
conpounds encount er ed.

DTH hammer drilling can cause hydraulic
fracturing of borehole wall.

The DTH hanmer requires |lubrication during
drilling.

Organic foam additives for cuttings’ renoval
may cont am nate sanpl es.

86 43S 0¢€
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Sel ection of the nobst appropriate nmethod or conbination of

met hods nust be dictated by the special considerations inposed
by mul ti purpose borings. For exanple, although the best
apparent nethod for well installation at a particular site may
be direct air rotary with driven casing, nost air rotary

equi prent al l ows sanpling only by cuttings. |If, in this case
soil sampling is required, pilot (or separate) borings done with
equi prent capabl e of providi ng adequate undi sturbed sanpl es may
be necessary. In addition, if drilling is to be conducted in an
area of perched or multiple aquifer systens, auger techniques
shoul d not be used because of the possibility of cross-
cont am nati on; borings nust be advanced using nultiple casing
techni ques that allow isolation of each aquifer encountered.
Addi ti onal guidance on drilling nmethods may be found in EM 1110-
1- 4000 and the foll owi ng ASTM St andar ds:

D 2113 Practice for Rock Core Drilling and Sanpling of Rock
for Site Investigation

D 5781 CGuide for the Use of Dual Wall Reverse-Circul ation

Drilling
D 5782 Guide for the Use of Direct Air Rotary Drilling
D 5783 Guide for the Use of Direct Rotary Drilling Wth
Water-Based Drilling Fluid

D 5784 Cuide for the Use of Holl ow Stem Augers

D 5872 Guide for the Use of Casing Advancenment Drilling
Met hods

D 5875 Guide for the Use of Cable-Tool Drilling and
Sanpl i ng Met hods

D 5876 CGuide for the Use of Direct Rotary Wreline Casing
Advancenent Drilling Methods

D 6286 CGuide for Selection of Drilling Methods for
Envi ronnental Site Characterization

The pl anning, selection, and inplenmentation of any drilling
program requires careful consideration by qualified, experienced
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(3)

personnel. At a mininum the follow ng general steps are
required:

(a) Review existing site, area, and regional subsurface;
geol ogi c; and hydrogeol ogi c i nformation including physica

and chem cal characteristics.

(b) Develop project DQ0s and a SAP. See EM 200-1-2 and EM 200-
1-3 for additional guidance.

(c) Develop a site-specific safety and heal th program

(d) Define the purpose of the drilling and sanmpling, select
drilling nmethods and general site |ayout, and prepare and
execute the drilling contract.

(e) Field inplenentation and decontam nation includes continuous
i nspection by qualified, experienced personnel

Sel ection and inplenmentation of soil drilling and sanpling
met hods requires that specific consideration be given to the
foll owi ng issues:

(a) Prevention of contam nation mgration.

(b) Maintenance of sanple integrity.

(c) Mnimzation of disruption of existing conditions.

(d) Mnimzation of |ong-terminpacts.

b. Equi pnent. Gui dance on sanpling equi prent may be found in EM 200-1-3
and EM 1110-1-1906. Additional guidance may be found in ASTM D 6169.

Hol | ow stem auger drilling is frequently used and nay include the
fol |l owi ng:

(1) Holl owstem auger and drill rig.

(2) Sanpling tubes. Sanpling systens nmay consist of either of the

fol | owi ng:

(a) Continuous sanpling tube systens consisting of 1.5m (5-foot)
long split or solid sanpling tubes. Tubes can be used with
or without liners of various netallic and nonnetallic
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materi al s. Continuous sanpl ers advance with the auger
flights.

(b) Split-spoon sanpling consisting of 0.5m (18-inch) long split
spoons with basket-retainer shoe. Split spoons are driven
into the soil ahead of the auger using a drive hamrer.

St ai nl ess steel knives, spoons, and bow s.

Sanpl e containers (see Chapter 8).

I ce.

Shi ppi ng cool ers and suppli es.

Decont am nati on equi pnent (see Chapter 9).

Logbook.

Pr ocedur es.

(1)

(2)

ot ain any federal, state, or local permits required for
constructing wells or clearing the site for work or access.
Contact regul atory agencies to obtain their regul ations
concerni ng subm ssion of boring/well |ogs and sanpl es.

At each borehol e the geol ogist must maintain a | og that contains
at a mnimmthe follow ng information:

(a) Nanme of the project and site.

(b) Hol e number.

(c) Location of the boring.

(d) Type of drill rig and nmethod of drilling.
(e) Size and type of bit used.

(f) Depth of each change of stratum

(g) Thickness of each stratum
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(3)

(h)

(i)
(i)

(k)

(1)

(m
(n)

(o)

(p)
(q)
(r)
(s)

Identification of the material conposing each stratum
according to the Unified Soil C assification System or
standard rock nomencl ature, as necessary.

Depth interval fromwhich each formation sanple was taken.

Hol e di anmeter and depth at which hole dianeter (bit size)
changes.

Depth at which groundwater is first encountered.

Depth to the static water |evel and changes in static water
| evel with hole depth.

Total depth of hole.
Depth or location of any loss of drill water circul ation,
| oss of tools or equipnment, and any other probl ens

encount er ed.

Location of any fractures, joints, faults, cavities, or
weat her ed zones.

Ref erence el evation for all depth neasurenents.
Nane of driller and geol ogi st.
Standard Penetration Test blow counts, if applicable.

Date(s) of drilling, including depths where work shifts
begi n and end.

To take a subsurface soil sanmple (after the sanpler is retrieved
fromthe borehole), follow these steps:

(a)

(b)

Set up decontam nation, sanpling preparation, and support
areas at borehol e | ocation.

Decont am nate all equi pnent, sanplers, and tools that will
cone in contact with sanple nedia (see Chapter 9 for
decont ami nation procedures). Record decontam nation process
i n | ogbook.
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(i)
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Informdriller of sanple interval (s) for borehole and
oversee sanpling process.

Prepare and | abel all sanmple containers. |If any volatiles
are anal ytes, have the volatiles containers available first.
Label containers with |location, depth, analyte, date, and
time of sanpling.

Have the driller prepare the sanpler for opening, but do not
allow the driller to conpletely open the sanpler.

Wth the sanpler Iying on a clean sheet of plastic, the
onsite geol ogi st should open the sanpler slowy. As the
sampl er is being opened, the surface of the core should be
"sniffed" with a PID/FID. Position the probe of the

i nstrument approximately 25 mm (one inch) fromthe sanple.
Record instrunent readings in the | ogbook. |If the PIDFID
readi ng i s above background, a soil sanple should be

col lected fromthe anonal ous interval. Consult with the
site manager to determ ne whether to submt for chenica
anal yses.

For those locations in which VOCs are anal ytes, VOC sanples
nmust be collected i mediately after the sanpler is opened.
Using a sanpling knife, cut off solid piece(s) (nonminal 25
nm [one inch] in size) of sanple and place piece(s) into the
container. |Immediately close container and place on ice.
The contai ner nust not have any headspace if the sanple is
to be anal yzed for VOCs.

Log the core, recordi ng percent recovery, color, texture,
clay, sand, gravel content, and other notable

characteristics in the | ogbook.

After logging, transfer sanple to m xing bow and thoroughly
honogenat e the sanpl e.

Fill remaining sanple jars.
Prepare necessary Q& QC sanpl es.
Log all sanples in field notebook; |nclude borehole ID

sanmpl e nunber, analyte(s), date, tine, and coll ector
si gnat ur es.
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(m Pack sanples for shipnment, prepare chain-of-custody records
and shi ppi ng docunentation (see Chapter 8).

(n) Ship sanples as specified in Chapter 8.

(4) If the borehole is to be used for a well installation, follow
procedures outlined in Paragraph 5-4 bel ow, otherw se grout the
borehol e. The grout mixture should be conposed of Portland
cenent nmixed to a ratio of 27 liters (7 gallons) of water per
sack of cement with a 3-percent bentonite powder additive.

Grout must be punped into the borehole via a trem e pipe.

| Installation.

a.

Purpose. The purpose of a nonitoring well is to provide an access
poi nt for neasuring groundwater |evels and to collect groundwater
sanmpl es that accurately represent in-situ groundwater conditions at
the specific point of sanpling. Consult EM 1110-1-4000 for gui dance
on nmonitoring well installation

To procure accurate sanples, follow these criteria:
(1) Construct the well with mnimum di sturbance to the formation.

(2) Construct the well of materials that are conpatible with the
antici pated geochem cal and chem cal environment.

(3) Conplete the well properly in the desired zone.

(4) Seal the well adequately with materials that will not interfere
with the collection of representative water-quality sanpl es.

(5) Develop the well sufficiently to renmove any additives associ at ed
with drilling and provi de unobstructed fl ow through the well

Groundwat er Sanpling. Prior to well sanpling, the task manager/field
team | eader is responsible for collecting and review ng information
about the well. This information should include: well construction
nmet hods and materials, well logs, well size, well depth, screen

i nterval (s), and purpose of well (nonitoring, water supply, etc.).
This information should acconmpany the field crew during sanpling.

The foll owi ng procedures should be foll owed during a groundwater
sampl i ng event:
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Set up decontam nation, sanple preparation, and support area at
wel | head. (This may be at the rear of a truck/van.)

Decont am nate all equipnent/instrunents that will be placed into
wel | casing or come in contact with water sanples. Record
decont ani nati on process in | ogbook

Review well log for construction, size, and well depth. Record
information in | ogbook. Do not neasure the total depth of the
wel |l prior to sanpling. Measuring to the bottom of the wel
casing may cause re-suspension of settled solids fromthe
formation materials and require |onger purging tinmes for
turbidity equilibration. Measure the well depth after sanpling
is conplete.

Usi ng wat er-1evel probe, determne water |evel (ASTM D 4750).
Record in | ogbook.

Cal cul ate purge volune. NOTE: USACE wel | -purging procedures
specify including the volume of water in the filter (sand) pack
i n purge-volune cal culations. To prevent purging an
unnecessarily large volume of water, cal cul ate height of water
col um using water |evel and construction data. Al so using
construction data, calculate volune of one casing plus filter-
pack volunme (i.e., one purge volunme) using the follow ng
formul a:

Vol ume (gallons) = Br2h (cu. ft). X 7.48 (gallons/cu. ft).

_‘
1

radius in feet (of either auger borehole or well
casing as described bel ow).
hei ght of water colum in feet.

=0
1

Because the water contained in the sand pack will be used in
the cal cul ati ons, follow these steps:

(a) Calculate the total volune of the saturated portion of the
borehol e. Use the radius of the overall borehole (sand
pack plus well casing) for the calculation. This is
Vol ume A

(b) Calculate the total volume of the well casing. Use the

radius of the well casing for the calculation. This is
Vol ume B.
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(6)

(7)

(8)

(c) Determ ne the volune of the saturated portion of the sand
(filter) pack. This is done by subtracting Volume B from
A and nmultiplying the result by a porosity factor of 0.35.
This will be Volune C, the sand-pack volunme, as shown
here:

(Volune A — Volume B).35 = Volune C (sand-pack vol une)

(d) Add Volunes B and C to produce volume of water for one
filter (sand) pack and well casing. That is:

Vol ume B + Volunme C = Volume D, (filter-pack and casing
vol une)

Record cal cul ati ons and the purge volume (Volume D) in
| ogbook.

The well should be purged of at |east three casing and sand
(filter) pack volunes or until pH, tenperature, specific
conduct ance, oxidation-reduction potential (ORP), dissolved
oxygen (DO), and turbidity are each at equilibrium Equilibrium
is established when three successive readings are wthin:

. +0.2 pH units.
. +1 degree Celsius for tenperature.
. +3 percent for specific conductance.
. +10nmV for oxidation-reduction potential (ORP).
. +10 percent for DO
. +10 percent turbidity.
Equilibriumwi Il be established by three consecutive readings,

where one casing volune is punped between each reading.
Multiply the filter-pack and casing volume by three to produce
t he m ni mum purge volune. |If well is purged dry before three
purge volunes, allow well to recover and then sanple. See EM
200-1-3 for nore gui dance on well purging.

Begi n purging well using either bailer, submersible punmp, or in-
pl ace punp.

Collect all purge water in 55-gallon drums until the disposa
met hod can be determ ned based on water quality results. NOTE:
In some instances, purging rates nmust be kept bel ow 500 ni/mn
to avoid over punping or punping the well to dryness. ldeally,
wel I s shoul d never be punped to dryness.

5-22



EM 1110- 1- 4006
30 SEP 98

(9) Initiate sanpling after purging has been conpleted. Label al
sampl e containers with well 1D, date, and time of sanpling,
anal ytes, and preservative. See Table 8-3 for sanple bottle
requirements. |f biorenediation is a potential treatnent option
sanmpl es should be collected for testing for nitrates, sulfates,
ferrous iron, and nethane.

(10) Collect sanple with a freshly decontani nated bailer. Lower
bailer carefully into well to prevent aeration of well

(11) Fill VOA containers first (add two drops HCl acid preservative

to containers prior to filling). Overfill container, put on
cap, and invert container to check for bubbles. |If
bubbl es are present, discard sanple and refill. Place sanples
on ice.

(12) Fill other organic analyte bottles next. Do not conpletely fil
the container. Leave approxi mately 10-percent volume as head

space. Mark the volume on the container with a grease pen.

Preserve as specified in preservation table. Place sanples on

i ce.

(13) Fill remaining inorganic anal yte contai ners.

(14) Log all sanples in field | ogbook; include well nunber,
identifier, analyte(s), date, time, and collector signatures.

Record tinme of purge, purge volume, and water quality

paraneters in | ogbook.

(15) Pack sanples for shipnent; prepare chain-of-custody records and
shi ppi ng docurent ati on.

(16) Ship sanples as specified in Chapter 8.

Free Product. Properly installed and constructed nonitoring wells can
be used both to delineate the extent of free product and nonitor
temporal changes in free product accumul ations. However, it is also

i mportant to realize that nonitoring wells are subject to significant
l[imtations in their ability to provide accurate neasurenents of the
t hi ckness of free product in the surrounding soil. Free product can
accunulate in a well only if the well is open (i.e., screened) across
the zone of free product. Wthin a well with a properly positioned
screen, the thickness of free product typically fluctuates in
response to changes in water table elevation. \Were wells are
initially installed with short screens (1.5 m[5 ft] or |less),
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changes in the water table elevation may result in a dry wel
(declining water table) or in a well that is screened bel ow the zone
of free product (rising water table). Even in properly constructed
wel I s, the absence of free product may not necessarily indicate that

petrol eum hydrocarbons are not present in the soil. Simlarly to the
observation that water nmay take days or weeks to enter sone
nonitoring wells constructed in clayey soil, free product may not

initially appear in nmonitoring wells. Such a condition indicates that
the relative pernmeability with respect to free product is very |ow,
hence the nobility of the free product is also low. This may al so
result in a |lower calcul ated volune of free product.

(1) Record the thickness of free product, if encountered. Three
nmet hods are commonly used to neasure free product thickness in a
wel | : steel tape and paste, interface probes, and bail ers.

The pastes used with the steel tape are sensitive to

hydr ocarbons and water. Conmercially avail able interface probes
sense the presence of both oil and water. The first two nethods
are accurate to within about 3 mm (0.01 ft) and are conveni ent
for determining the elevation of the air/free product and

oi | /water interfaces. \Whenever possible, neasurements should be
taken using either steel tape and paste or an interface probe.
A bailer is a transparent cylinder with a check valve at its
base. The bailer nethods can significantly under- or over-
estimate the thickness of free product in the well and should
not be used for deternmining the elevations of air/free product
and free product/water interfaces. Disposable bailers, which are
conmonl y dedicated to nonitoring wells containing free product,
typically collect an unrealistically small product thickness
because of the small size of the intake holes. The use of

bail ers should be limted to verification of the presence of
free product in a well or collection of a small sanple of it.
Bail ers can be used to renmove liquids fromnmonitoring wells
during baildown tests that are designed to determne the rate of
free product recovery into wells. For nmore information on free
product neasurenent and recovery see EPA/ 510/ R 96/ 001

5-5. Aquifer Testing. After conpletion and devel opment of all nonitoring
well's, performslug tests at each well to provide data to contribute to the
hydr ogeol ogi ¢ characterization of the site. Slug tests provide data to
approxi mate hydraulic conductivity and transm ssivity of the aquifer. The
slug test is a useful tool for estimating the areal variability of these
parameters within a given unit and does not require that any water be
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di scharged fromthe tested well. Also, the test does not artificially induce
contam nant fl ow and can be performed on wells wthin known or suspected
groundwat er contam nation plumes. Further information on aquifer testing may
be found in EPA G oundwater |ssue on Suggested Operating Procedures for

Aqui fer Punmping Tests, EPA/540/S-93/503. CGuidance for measuring well discharge
may be found in ASTM D 5737.

a. Procedure. To performa slug test, a solid slug is introduced into
the well and changing water |evels are neasured with a transducer
Water | evel and el apsed-tine data can be recorded with a data | ogger
and pressure transducer. Both "rising heads" and "falling heads" are
recorded. Additional guidance on conducting a slug test may be found
i n EPA/ 540/ P-91/ 007 and ASTM D 4044.

b. Data. Data fromthe slug tests can be input fromthe strip logs into
a conputer spreadsheet for review After these data are checked for
accuracy, the data file can be transferred into a comrercially
avai | abl e programthat cal cul ates hydraulic conductivity (mday
[gal /day/ft?]) and transmissivity (n¥ day [gal s/day/ft]) for the
aqui fer.

5-6. Soil Testing. To deternine an appropriate corrective action for
contam nated soil and/or groundwater, site-specific information relating to
t he hydrol ogi ¢ and geol ogi ¢ characteristics of the site, as well as soi
chemistry, is needed. These characteristics include depth to groundwater,
soi|l temperature, noisture content, soil water field capacity in accordance
with ASTM D- 2325, or ASTM D- 3152, particle-size distribution, bulk density,
saturated and unsaturated hydraulic conductivity, dissolved oxygen, carbon
di oxi de, total organic carbon, and total volatile hydrocarbons.

An exanpl e of the inportance of these paraneters is: a soil's hydraulic
conductivity directly affects a contaminant's nobility, while soil air
conductivity affects the nobility of the contam nant vapors. Air and
hydraulic conductivity varies fromformation to formation in nmuch the sane
way, with formations of |ow hydraulic conductivity generally having low air
conductivity as well

The procedures for collecting field sanples for soil paraneters are covered
extensively in many other publications and are not discussed in this manual .
Soi | characterization data needs for different renedial technol ogi es can be
found in EM 200-1-2.
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5-7. Survey. Wen there is a release froman underground storage tank, the

hori zontal and vertical extent of the contami nation nust be determined. To
make an accurate determination of contanination extent, verify borehole and
nonitoring well |ocations as well as the elevations of the nmonitoring wells.
Desi gners use this information to devel op a site-specific groundwater contour
map, for calculating the groundwater gradient and flow rate, and a three-

di mensi onal nodel of the soil contam nation. Coordinates and el evati ons
shoul d be established for each well and boring location to a m nimum of third
order survey. Elevations should be provided for each well casing to the

cl osest 5 nm (0.01 foot).

5-8. Waste Di sposal

a. Disposal of Drill Cuttings. Cuttings nust be tested using a PID/ FID
to help determ ne contaminant status. Potentially contaninated
cuttings nust be handl ed as described in "b. Collection and Testing
of Potentially Hazardous Materials" (below). Potentially
contam nated drill cuttings and/or vapors are defined as those
substances with PID/FID readi ngs i n excess of 5 ppm above background
| evel s. This assunes that the tanks being pulled are POL tanks and
that the primary contam nation is fromvolatile contam nants. |f
this is not the case, analytical results of actual soil sanples nust
be used. The inplenmenting agency shoul d provi de gui dance val ues for
soi | disposal. Additional guidance may be found in EPA/ 540/ G 91/ 009

b. Collection and Testing of Potentially Hazardous Materials. Materials
generated during field activities nmust be placed in properly |abel ed
drunms that are Departnment of Transportation (DOT)-approved for
transport of hazardous materials Follow these guidelines:

(1) Segregate all materials in separate drunms (i.e., soil, water,
tyvek, and other simlar materials).

(2) Secure drums at a designated staging area on wooden pallets,
pendi ng recei pt of analytical results.

(3) Label all druns adequately prior to nmoving themto the staging
area. Label druns in a permanent, waterproof nmanner in
accordance with the | A requirenents. Druns nust not be | abel ed
on the top. At a minimum |abel druns as to type of materia
contai ned, site nunber, and |ocation boring nunbers.
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The eventual disposal of the contents of these drunms is

determ ned by the results of the associated analytical tests for
the project. Local regulations may preclude the use of drill
cuttings as backfill. Check with the local A to deternine if
non-contaminated drill cuttings need to be containerized and

di sposed of offsite.
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